Analytical expressions of the one-and two-body terms in the cluster ex pansion of the one-body density matrix and momentum distribution of the s-p and s-d shell nuclei with Ν -Ζ are derived. They depend on the har monic oscillator parameter b and the parameter β which originates from the Jastrow correlation function. These parameters have been determined .by least squares fit to the experimental charge form factors. The inclusion of short-range correlations increases the high momentum component of the momentum distribution, 7i(k) for all nuclei we have considered while there is an A dependence of ra(k) both at small values of k and the high momentum component. The A dependence of the high momentum com-. ponent of n(k) becomes quite small when the nuclei 24 Mg, 28 Si and 32 S are treated as ld-2s shell nuclei having the occupation probability of the 2s-state as an extra free parameter in the fit to the form factors.
INTRODUCTION
The momentum distribution (MD) is of interest in many research subjects of modern physics, including those referring to helium, electronic, nuclear, and quark systems [1] [2] [3] . In the last two decades, there has been significant effort for the determination of the MD in nuclear matter and finite nucléon systems [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . MD is related to the cross sections of various kinds of nuclear reactions. Specifically, the interaction of particles with nuclei at high energies, such as (p,2p), (e,e'p), and (e,e') reactions, the nuclear photo-effect, meson absorption by nuclei, the inclusive proton production in proton-nucleus collisions, and even phenomena at low energies such as giant multipole resonances, give significant information about the nucléon MD. The experimental evidence obtained from inclusive and exclusive electron scattering on nuclei established the existence of a high-momentum component for momenta k > 2 fm" 1 [18] [19] [20] [21] . It has been shown that, in principle, mean field theories can not describe correctly MD and density distribution simultaneously [9] and the main features of MD depend little on the effective mean field considered [10] . The reason is that MD is sensitive to short-range and tensor nucleon-nucleon cor relations which are not included in the mean field theories. Thus, theoretical approaches, which take into account short range correlations (SRC) due to the character of the nucleon-nucleon forces at small distances, are necessary to be developed.
Zabolitzky and Ey [4] , employing the coupled-cluster (or exp(5)) method for the microscopic evaluation of nuclear MD for the ground states of 4 He and 16 0 and using various realistic NN-potentials, showed that the contribution of correlations dominates for momenta beyond 2 fm"
1 . Bohigas and Stringari [6] and Dal Ri et al [7] evaluated the effect of SRC's on the one-and two-body densities by developing a low order approximation (LOA) in the framework of Jastrow formalism. They showed that one-body quantities provide an adequate test for the presence of SRC's in nuclei, which indicates that the independentparticle wave functions cannot reproduce simultaneously the form factor and the MD of a correlated system and also the effect of SRC's strongly modify the MD by introducing an important contribution in the region k > 2 fm"
1 . Stoitsov et al [12] generalised the model of Jastrow correlations within the LOA, to heavier nuclei as 16 0, 36 Ar, 40 Ca. Their analytical expressions for the " MD show the high momentum tail. They found that there is an A dependence of MD for small values of fc, while for large values of k the slope of log n(k) versus k is roughly the same for the above three nuclei as well as for 4 He. MD for the nuclei 4 He, 16 0 and 40 Ca was also calculated by Traini and Or-1 andini [8] within a phenomenological model in which dynamical short-range and tensor correlations effects were included. They showed that SRC increase the high momentum component considerably while the tensor correlations do not affect the MD appreciably [8, 22] , In heavy nuclei, the local density ap proximation was used [11] for the study of the effect of SRC's in MD and the predictions were in agreement with the results of microscopic calculations in nuclear matter and in light nuclei.
In the various approaches, the MD of the closed shell nuclei 4 He, 16 0 and 40 Ca as well as of 208 Pb and nuclear matter is usually studied. There is no systematic study of the one body density matrix (OBDM) and MD which include both the case of closed and open shell nuclei. This would be helpful in the calculations of the overlap integrals and reactions in that region of nuclei if one wants to go beyond the mean field theories [23] . For that reason, in the present work, we attempt to find some general expressions for the OBDM p(r, r') and MD n(k) which could be used both for closed and open shell nuclei. This work is a continuation of our previous study [24] on the form factors and densities of the 5-p,and s-d shell nuclei. The expression of /?(r,r') was found, first, using the factor cluster expansion of Clark and co-workers [25] [26] [27] and Jastrow correlation function which introduces SRC for closed shell nuclei and then was extrapolated to the case of Ν = Ζ open shell nuclei. n(k) was found by Fourier transform of/?(r, r'). These expressions are functionals of the harmonic oscillator (HO) orbitale and depend on the HO parameter b and the correlation parameter β. The values of the parameters b and β have been determined by fit of the theoretical F^q), derived with the same cluster expansion, to the experimental one [24, 28] . It is found that the high-momentum tail of the MD of all the nuclei we have considered appears for k > 2 fm" 1 and also there is an A dependence of the values of n{k) for 2 fm"" 1 < k < 5 fm" 1 . This A dependence of MD was first investigated considering 24 Mg, 28 Si and 32 S as Id shell nuclei. Next we treated the above nuclei as ld-2s shell nuclei having the occupation probability of the 2,s state as an extra free parameter in the fit of the form factors. The A dependence is quite small in the second case.
The paper is organised as follows. In Sec. II the general expressions of the correlated OBDM and MD are derived using a Jastrow correlation function. In Sec. Ill the analytical expressions of the above quantities for the s-p and s-d shell nuclei, in the case of the HO orbitals, are given. Numerical results are reported and discussed in Sec. IV.
CORRELATED ONE-BODY DENSITY MATRIX AND MO MENTUM DISTRIBUTION
A nucleus with A nucléons is described by the wave function Φ(ΓΙ,Γ 2 , .--,VA) which depends on 3A coordinates as well as on spins and isospins. The eval uation of the single particle characteristics of the system needs the one-body density matrix [29, 30] 
where the integration is carried out over the radius vectors Τ2Ι'",ΓΑ and summation over spin and isospin variables is implied. p(r, r') can also be rep resented by the form p(r,r') = ΛΤ<Φ|Ο ΓΓ ,|Φ') = N{O tr .) ,
where Φ' = Φ(Γ{, Γ 2 , ..., r^) and Ν -(Φ|Φ) _1 is the normalization factor. The one-body "density operator" O rr >, has the form
&{
In the case where 1 the nuclear wave function Φ can be expressed as a Slater determinant depending on the SP wave functions </>i(r) we have
»=1
The diagonal elements of the OBDM give the density distribution p(r, r) = p(r), while the MD is given by the Fourier transform of p(r, r'),
In the case of a Slater determinant, MD takes the form
#.i One-body density matrix
If we denote the model operator, which introduces SRC, by T, an eigenstate Φ of the model system corresponds to an eigenstate Φ = ΡΦ of the true system. Several restrictions can be made on the model operator Τ and it is required that Τ be translationally invariant and symmetrical in its arguments 1... i... A and possesses the cluster property [27, 31] . In order to evaluate the correlated one-body density matrix p cor (r,r'), we consider, first, the general ized integral
corresponding to the one-body "density operator" O rr > (given by (3)), from which we have
For the cluster analysis of equation (8), we consider the sub-product integrals [25] [26] [27] , for the sub-systems of the A-nucleons system corresponding to the density operators O rr /(l),Orr/(2). The factor cluster decomposition of these integrals, following the factor cluster expansion of Ristig,Ter Low, and Clark [25] [26] [27] , gives
Three-and many-body terms will be neglected in the present analysis. Thus, in the two-body approximation, /5 CO r(r, r'), defined by Eq. (2), is written
where (Ο η ι)ι = psü(r, r 7 ), the uncorrelated OBDM associated with the Slater determinant and <O rr ,) 22 
The term (O rr /) 2 i is as the term (O rr >) 22 without the operator J^(r 12 ). If the two-body operator ^(r 12 ) is taken to be the Jastrow correlation function [32] 
where In the above expression of p cor (r, r'), the one-body contribution to the OBDM is well known and is given by the equation 
mpVid It should be noted that Eqs. (17) and (20) are also valid for the cluster ex pansion of the density distribution and the form factor as it has been found in réf. [24] and also in the cluster expansion of the MD. The only difference is the expressions of the matrix elements A.
Momentum distribution
The MD for the above mentioned nuclei can be found either by following the same cluster expansion or by taking the Fourier transform of p(r, r') given by (14) . In both cases the correlated momentum distribution takes the form
where (Ok)i = rcsi)(k) given by Eq. (6) and the term 0 22 (k,g^), as in the case of OBDM, is given again by the right-hand side of Eqs. (17) and (20) replacing the matrix elements A^^for',^), denned by Eqs. (18) and ( 
where
ANALYTICAL EXPRESSIONS
In the case of the HO wave functions, with radial part in coordinate and momentum space,
where N n i -(2π!/Γ(η + / + 3/2)) 1/ ' 2 , analytical expressions of the one-body terms, (O rr /)i and (Ok)i as well as of the matrix elements i4jJJ5J[j'*(r, r',gf) and ^îjiiî£ij'*(k,gf), which have been defined in Sec. II, can be found. From these expressions, the analytical expressions of the terms 022(r, r',g^) and 0 22 
where the coefficients C 2 k are: C Q = 2η ί3 + 3η 23 
The general expression of the quantity l£ where ft{kl), (^=1,3) are polynomials of k\ which depend also on y = ßb 2 and the occupation probabilities of the various states. Similar expressions have been found for the mean value of the kinetic energy.
RESULTS AND DISCUSSION
The calculations of the MD for the various s-p and s-d shell nuclei, with Ν = Z, have been carried out on the basis of Eq. (21) and the analytical expressions of the one-and two-body terms which were given in Sec. III. Two cases have been examined, named case 1 and case 2 corresponding to the analytical calculations with HO orbitale without and with SRC, respectively. The parameters b and β of the model in cases 1 and 2 have been determined by fit of the theoretical F c h (?), derived with the same cluster expansion, to the experimental one are given in Table  1 . It is found that the inclusion of SRC's improves the fit of F c h{q) of the above mentioned nuclei and all the diffraction minima are reproduced in the correct place [24, 28] . The values of the parameter β (see Fig. 1 ) is almost constant for the closed shell nuclei and takes larger values (less correlated system) in the open shell nuclei.
This behaviour has an effect on the MD of nuclei as it is seen from Fig. 2a , where the MD, of the various s-p and s-d shell nuclei calculated with the values of 6 and β of Table I for case 2, have been plotted. It is seen that the inclusion of SRC's increases considerably the high momentum component ofn(k), for all nuclei we have considered. Also, while the general structure of the high momentum component of the MD for A = 4, 12, 16, 24, 28, 32,36, 40 , is almost the same, in agreement with other studies [2, 4, 8, 33] , there is an A dependence of n(k) both at small values of k and in the reeion 2 fm" 1 < k < 5 fm"" 1 . The A dependence of the high momentum Fig. 1 . The correlation parameter β versus the mass number A. The solid line correspond to the case when the nuclei 24 Mg, 28 Si, 32 S, 36 Ar were treated as Id shell nuclei while the dashed line to the case when these nuclei were treated as lcf-2s shell nuclei. In the previous analysis, the nuclei 24 Mg, 28 Si and 32 S were treated as Id shell nuclei, that is, the occupation probability of the 2s state was taken to be zero. The formalism of the present work has the advantage that the occupation probabilities of the various states can be treated as free parameters in the fitting procedure of F c h (?) · Thus, the analysis can be made with more free parameters. For that reason we considered case 2* in which the occupation probability η^3 of the nuclei 24 Mg, 28 Si and 32 S was taken to be a free parameter together with the parameters 6 and β. We found that the χ 2 values become better, compared to those of case 2 and the A dependence of the parameter β is not so large as it was before. The new values of b and β are shown in Table 1 . The values of the occupation probability r/2a of the above-mentioned three nuclei are 0.19982, 0.17988 and 0.50921 respectively, while the corresponding values of η^ can be found from the values of 772a through the relation η\& = [(Ζ -8) -2τ72 Λ ]/10. The MD of these three nuclei together with the closed shell nuclei 4 He, 16 0 and 40 Ca found in case 2 are shown in Fig. 2b . It is seen that the A dependence of the high momentum component is now not so large as it was in case 2. As F c h{q) calculated in case 2* is closer to the experimental data than in case 2, we might say that this result is in the correct direction, that is the high momentum component of the MD of nuclei is almost the same. We would like to mention that experimental data for n(k) are not directly measured but are obtained by means of y-scaling analysis [21] and only for 4 He and 12 C in s-p and s-d shell region. We expect that the above conclusion could be corroborated if new experimental data are obtained in the future for MD for several nuclei and we carry out a simultaneous fit both to MD and to form factors.
Finally, in table I we give the one and the two-body terms of the mean kinetic energy, (T), of the various s-p and s-d shell nuclei calculated on the basis of Eq. (23), as well as the rms charge radii, (r 2^)1 / 2 which are compared with the experimental values. It is seen that the introduction of SRC's (in case 2) increases the mean kinetic energy relative to case 1 («T C a* e 2) -(Tca Se i))/(T ca3e2 )) about 50% in 4 He and 23% in 24 Mg. This relative increase follows the fluctuation of the parameter β. Also the values of the kinetic energy in percents, 100(TSRC)/(Troiai), as well as the ratio < Τχοία/ > /(Tffo) follow the fluctuation of the parameter ß. In closed shell nuclei there is an increase of the above values by the increasing of mass number.
